Abstract
Conclusions:
The results of our study showed no association between proton pump inhibitor use for more than 5 years and the development of gastric neuroendocrine tumor. The presence of gastric atrophy and autoimmune atrophic gastritis was associated with gastric neuroendocrine tumor development. 
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Introduction and aims
Gastric neuroendocrine tumors (G-NETs) are rare neoplasias. 1 Those tumors proceed from enterochromaffinlike cells of the stomach and have been classified into 4 types, in accordance with their pathophysiology and biologic behavior. Types 1 and 2 are associated with hypergastrinemia and have a low grade of malignancy. Type 2 is related to Zollinger-Ellison syndrome and multiple endocrine neoplasia type 1 (MEN-1). Types 3 and 4 are gastrin-independent and are more aggressive, produce early metastasis, and have a high proliferation index (Ki-67). 1, 2 In an epidemiologic analysis conducted in the United States and covering more than 50 years, the incidence of G-NETs was shown to have increased in recent decades, which has been explained by the advent and improvement of endoscopic equipment. 3, 4 An association has been reported between prolonged proton pump inhibitor (PPI) use and the development of G-NET and appears to be secondary to hypergastrinemia produced by those drugs. Neoplastic regression has also been observed upon the suspension of PPIs.
5 ---9 A study by Brunner et al. was published that included 142 patients treated with pantoprazole (40-160 mg/d) for 15 years and they found no increase in the risk for developing G-NET. 10 The aim of the present study was to determine whether there was an association between prolonged PPI use and G-NETs, as well as to identify the risk factors for their development.
Materials and methods
A case-control study was conducted at the Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán (INCMNSZ), a tertiary care center, and authorized by the research committee and research ethics committee of that hospital. Patients with G-NET that were seen within the time frame of January 2000 and December 2014 were included. Data were collected from the patient case records and the pathology and gastrointestinal endoscopy archives. Definitive diagnosis was based on the histopathologic and immunohistochemical result. Patients with incomplete case records were excluded. The controls were patients at the INCMNSZ evaluated through upper endoscopy that did not present with G-NET and selected within the same time frame as the cases. They were paired by age, sex, and endoscopic study indication and 2 controls were used for each case. PPI use for more than 5 years was considered prolonged, regardless of the type of PPI, dose, or its continuous or intermittent use. The demographic characteristics of the patients were collected, along with a history of smoking, diabetes mellitus diagnosis, gastroesophageal reflux disease, autoimmune diseases, gastric atrophy, Helicobacter pylori infection, G-NET type and stage, and the treatment employed.
Statistical analysis
Data were expressed as median and minimum-maximum range or proportions. The Mann-Whitney U test was used for comparing medians and the 2 test or Fisher's exact test for comparing proportions. Statistical significance was set at a p < 0.05. Univariate analysis was carried out to determine the factors associated with the finding of G-NET. The statistical package for the social sciences was employed (SPSS ® , version 20.0, Chicago, IL, USA).
Results
From the 162 patients potentially eligible for G-NET diagnosis, 124 were excluded because their tumors were not located in the stomach and 5 for incomplete case records, resulting in a total of 33 patients with G-NET included in the study ( fig. 1 ). There were 66 controls. Eighteen (54.5%) of the patients in the case group and 39 (59%) in the control group were women. Median patient age was 55 years (minimum-maximum range: 24-82) in the case group and 54 years (minimum-maximum range: 18-85) in the control group.
The main indication for upper endoscopy in both groups was dyspepsia/gastroesophageal reflux. In the G-NET group, there was a greater number of patients with gastric atrophy (p < 0.0001) and autoimmune atrophic gastritis (p = 0.0002), with respect to the control group. No association between GNETs and prolonged PPI use, sex, smoking, gastroesophageal reflux disease, Helicobacter pylori infection, diabetes mellitus, or autoimmune diseases was found in the univariate analysis (table 1) .
In the G-NET group, 14 (42%) patients had type 1, 6 (18%) had type 2, 5 (15%) had type 3, and type was undetermined in 8 (25%) cases. There were no patients with the type 4 classification. Thirty (91%) patients presented with clinical stage I disease and 3 (9%) with clinical stage II. Treatment was endoscopic in 23 (70%) patients, with 12 (37%) treated in one session and 11 (33%) in several sessions. Nine (27%) patients required surgical treatment and one (3%) patient was untreated ( fig. 2) . 
Discussion
We evaluated 33 cases of G-NET treated at a referral center. No association was found between prolonged PPI use and G-NETs, coinciding with results of previous studies. The presence of gastric atrophy and autoimmune atrophic gastritis was associated with an increased risk for developing G-NET. The aim of 2 previously published studies on a population with G-NET was to identify the clinical characteristics of those patients. The first was published in 2005 and included 13 patients. Those authors reported that the majority of the tumors were type 1, with low-grade malignancy. 11, 12 The second was published in 2012, with 31 cases. Tumor location in the stomach was documented in 12 (38.7%) patients and was the most frequent. 9, 13 Gastric atrophy and autoimmune atrophic gastritis reduce the number of parietal cells and acid production, causing a state of hypergastrinemia. Likewise, PPIs inhibit acid production and cause hypergastrinemia. In what is known as the gastrin hypothesis, hypergastrinemia leads to hyperplasia and dysplasia of enterochromaffin-like cells, microcarcinoid formation, and finally the appearance of G-NET. 14, 15 A recent Cochrane review reported that long-term treatment with a PPI was associated with hyperplasia of enterochromaffin-like cells (OR: 5.01: 95% CI: 1.54-16.26; p = 0.007) but found no relation to the appearance of neoplasias. Previous studies have described similar findings, which could be secondary to the size of the sample or the duration of patient follow-up. G-NETs have a very low prevalence, reported in 0.17/10,000 inhabitants, and so to find associations, studies with larger samples are required. In the cases published, G-NETs have appeared after 12 or more years of treatment with PPIs, and most studies do not include such a long follow-up period. 16 The 2 main limitations of our study were its retrospective design and small sample size. Numerous biases due to design can alter results, and in the present study, G-NET prevalence, in particular, could have been underestimated. PPI use was considered prolonged when it was greater than 5 years, regardless of the specific PPI employed, dose, and its continuous or intermittent use, which produced a heterogeneous sample. On the other hand, our analysis included 14 years of study of a rare disease and the sample was one of the largest reported on in the Mexican population. 17, 18 In conclusion, we found no association between PPIs used for more than 5 years and G-NETs. The presence of gastric atrophy and autoimmune atrophic gastritis were associated with the development of G-NETs.
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